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&RPSOHWLQJ WKLVPDQXVFULSWPHDQW WKH SDUWLFLSD








































RSHQLQJ VWDWHPHQW$PRQJ WKH ODZV KH SRVWXODWHG
WHFKQRORJ\ZDV QHLWKHU JRRG QRU EDG QRU QHXWUDO
WHFKQRORJLFDOFKDQJHLVQRWLQHYLWDEOHDQGLQYHQWLRQ
LV WKHPRWKHU RI QHFHVVLW\.UDQ]EHUJ ODLG RXW KLV
















FROODERUDWLRQ EHWZHHQ D UDQJH RI VRFLDO DFWRUV µ
7KHUHZDV QRSUHGLFDWLQJ DVVXPSWLRQ WKDW QXFOHDU
WLSSHGEDOOLVWLFPLVVLOHVQHHGHGDFFXUDF\7KHFUHDWLRQ
RI DQ LQHUWLDOJXLGDQFH V\VWHP IRUEDOOLVWLFPLVVLOHV













LQWULQVLF WR WKH WHFKQRORJ\ LQVWHDG LQGLYLGXDOVDQG






GHYHORSPHQWPRYHV LQ DPRVWO\ OLQHDUSURJUHVVLRQ






























































RI WKH HOHYDWHG URDGZD\V WKDW ELVHFW WKH FLW\·VÀYH
ERURXJKVDUWHULHVWKDWFURVVZKROHVHFWLRQVRIWKHFLW\















































7KH DHURG\QDPLF HIÀFLHQF\ RI ORQJKDXO WUXFNV










EHQHÀW WR WKH86 HFRQRP\7KH VHFRQG LV WR XVH
WKLVFDVHDVRQRSSRUWXQLW\WRWHDVHDSDUWVRPHRIWKH
VWUDQGVRIWKHVRFLDOIDEULFLQWHFKQRORJ\·VFRQVWUXF
















WDQJHQWLDO OLQNV WR DHURQDXWLFV RU VSDFH2IWHQ WKLV
























ZRUNHG %\ WKLV WLPH WKHDJHQF\KDGHYROYHG LQWR
1$6$2WKHUVHYHQWXDOO\VSHQWWLPHRQRQHRUPRUH














%XW OLIWLQJ ERGLHV URFNHW SODQHV DQGK\SHUVRQLF
YHKLFOHVVKDUHDIDLUO\VLQJXODUDQGVHHPLQJO\FRQWUDU\
















PD\QRW EH REYLRXV2QH UHDVRQ LV WKDW WKH)5&·V
WUXFNZDVDFDERYHUDVW\OHOHVVDQGOHVVRIWHQLQXVH
WRGD\ IRU ORQJKDXO IUHLJKW$QRWKHU LV WKDWGHVSLWH







1 One only has to look at the agency’s publication 6SLQRII or the list of patents held by the agency to grasp the extent to which this is true.
2 The NACA was founded in 1915 in response to lagging performance in the American aeronautics !eld when compared to European 
advancements. Despite the Wright brothers having been the !rst to "y, Europeans soon eclipsed Americans in the !eld, a reality driven 
starkly home by the events of World War I. The agency was transformed into NASA in 1958, in direct response to the successful Soviet 
launches of Sputnik I and II.
3 This bluntness is not restricted to the aft end of such vehicles. It appeared on the trailing edge of the ailerons and "aps of the X-2, for 
instance. The blunt trailing edges permit gradual sloping on the aft portion of these surfaces, which was bene!cial at supersonic speeds 
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$W OHIW WKH%HOO; WKHÀUVWDLUFUDIW WRH[FHHG WKH
VSHHGRIVRXQG/LNHPRVWRIWKHHDUOLHVW;SODQHVLW
ZDVURFNHWSRZHUHG
1$6$     (
Chapter Two
Eddies and Currents




























DV DQ HQJLQHHU IRU WKH1$&$ MXVW IRXU \HDUV DIWHU
D KXPDQ ÀUVW VXFFHVVIXOO\ H[FHHGHG WKH VSHHG RI
VRXQG+HFXWKLVDHURQDXWLFDOHQJLQHHULQJWHHWKRQ
WKH; URFNHW SODQHV WKDWZHUH VWLOO EHLQJXVHG WR
H[SORUHWKHWUDQVRQLFDQGVXSHUVRQLFUHDOPV,Q
DVWKH;SURJUDPZRXQGGRZQDQGWKHÀUVW0DFK
ÁLJKW WRRN SODFH KH EHJDQZRUNLQJ RQ ´3URMHFW
 
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DIW HQG JHQHUDWHG(YHQ EHIRUH WKH; SURJUDP
HQGHG6DOW]PDQWUDQVIHUUHGWR WKH;%SURJUDP










7KH 1RUWK $PHULFDQ $YLDWLRQ·V WULSOHVRQLF
H[SHULPHQWDOERPEHUWKH;%9DON\ULHRQHRIWKH
SURMHFWV RQ ZKLFK (G 6DOW]PDQ ZRUNHG GXULQJ KLV
'U\GHQFDUHHU7ZR;%VZHUHEXLOWEXWWKHPRGHO
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ORZSUHVVXUH ]RQH HYHQWXDOO\ WXPEOHV WKH FKDRWLF
DLUÁRZ IURP WKH WUDFWRU DQG WUDLOHU FUHDWLQJ DGGL




]RQH WRÁRZIRUZDUG LQ WKHVDPHGLUHFWLRQDV WKH
WUDLOHU,QHIIHFWWKHWUDLOHUSXOOVWKLVDLUDSRUWLRQRI
WKDWWRQVRIGLVSODFHGDLUZLWKLWDQGWKLVWDNHV
HQHUJ\7KH KLJK SUHVVXUH DW WKH IURQW WXUELG DLU
DORQJVLGHDVZHOODVRQ WRSDQGXQGHU WKHYHKLFOH
DQGWKHORZSUHVVXUHDWWKHEDFNFRPELQHWRJHQHU






GUDJ FDQ EH FRQWUROOHG RU OHVVHQHGZLWKPRGLÀFD










































($ 6WDONHU·V  SDWHQW GUDZLQJ IRU D FDU ZLWK
ERXQGDU\OD\HUFRQWURO















5' 3RWWHU UHJLVWHUHG DQ ´LQÁDWDEOH VWUHDPOLQLQJ
DSSDUDWXVIRUGUDJUHGXFWLRQµRQHRIVHYHUDOSDWHQWV












HQJLQHHUVZLWK H[SHULHQFH RQ WKH YHU\ VXEMHFW QRW













DVWHHO LQWHUQDO WUXVV WKDWKHOGDQHMHFWLRQVHDWDQG
ODQGLQJ JHDU&OHDUO\ YLVLEOH IURP WKLV DQJOH LV WKH
YHKLFOH·VEOXQWEDVHZKLFKKDGDQ/'UDWLRRI





RI WKHVZHUHDLPHGVHHPHG LQGLIIHUHQW WR WKH
VHDUFKHVIRUJUHDWHUIXHOHIÀFLHQF\VLQFHWKHLQGXVWU\
´GLGQRWFRQVLGHUWKHIXHOVDYLQJVE\WKHVHPRGLÀFD










WKHVHPRGLÀFDWLRQVPLJKW RIIHU ,QVWHDG WKH ULVLQJ





$HURG\QDPLFDOO\ VSHDNLQJ WKH VKDSH RI D WUXFN
ZLOOQRWPDWWHUVLJQLÀFDQWO\XQWLOLWFDQUHDFKDFHUWDLQ
VSHHG)RUPXFKRIWKHHDUO\WZHQWLHWKFHQWXU\WUXFN
PDQXIDFWXUHUV VRXJKW HQRXJK SRZHU WRPDWFK WKH






















WHVWLQJ WKHÀUVW IXOOVFDOH OLIWLQJ ERG\ WKH0)
&RQFHLYHGWRRIIHUDQDOWHUQDWLYHWREDOOLVWLFFDSVXOH
DWPRVSKHULFHQWU\ IURPVSDFH D OLIWLQJERG\ LVGH
VLJQHGWRJOLGHWRDODQGLQJRQFHLQVLGHWKHDWPRVSKHUH
















HYHQW LQERDUG DQG RXWERDUG VXUIDFHV RI DOO WKUHH
YHUWLFDO VXUIDFHV GHSOR\ DV GR WKH WRS DQG ERWWRP
´ÁDSVµRQWKHERG\GUDPDWLFDOO\LQFUHDVLQJGUDJ
1$6$     (&1
7KH EDFN HQG RI WKH1RUWKURS0) KLJKOLJKWLQJ
WKHEOXQWDIWHQGDQGWKHURFNHWQR]]OHV




LHV EXLOW LQ WKH IROORZRQ VHULHVZHUH FRQVLGHUDEO\
KHDYLHUWKDQWKH0)DQGFDUULHGDURFNHWPRWRU
WRSURYLGHDGGHGVSHHGDQGDOWLWXGHGXULQJÁLJKWWKH























7KLV SKRWR RI WKH 1RUWK $PHULFDQ $YLDWLRQ ;
VKRZVWKHDLUFUDIW·VEOXQWDIWHQGDUHVXOWRIWKHWZR
YHUWLFDOVWDELOL]HUVWKHIXVHODJH·VFLUFXPIHUHQFHDQG
WKH URFNHW HQJLQH DUHD 7KLV LV WKH DLUFUDIW·V LQLWLDO
FRQÀJXUDWLRQ EHIRUH WKH ;/5 HQJLQH KDG EHHQ
ÀWWHGWZR;/5VZHUHEHLQJXVHGLQVWHDGEXWWKH
VDPHEDVHDUHDUHPDLQHG




DHURG\QDPLFVRI D EOXQW YHKLFOH RQ ODQG6DOW]PDQ


























IRU WKHSURMHFWEHJDQE\ÀUVW HVWDEOLVKLQJ WKHYDQ·V
EDVHOLQH GUDJ LWV WUDFWLYH DQG DHURG\QDPLF GUDJ



















IRUFH LQSRXQGV UHJLVWHUHGRQ WKH VFDOH UHSUHVHQWHG
WKHWUDFWLYHGUDJRIWKHYDQ7KHUROOLQJIULFWLRQRIWKH
YDQWKHIRUFHLWWRRNWRNHHSWKHYDQLQPRWLRQZDV
 DQG OEV7KLV H[HUFLVHZDV FRQGXFWHGEHIRUH












































































RSHUDWLRQEXW DOZD\V FORVHGGXULQJ WKH FRDVWGRZQ
LQWHUYDOV,QWKHQHZYDQ·VÀUVWFRQÀJXUDWLRQDOOWKH



























HQJLQHHUV VHQW WKH 6KRHER[ EDFN WR WKH VKRS IRU



















WHDPKDG EHFRPH WKH VFDOHV· EHVW FXVWRPHU7HVWV








SHUFHQW UHGXFWLRQ LQ DHURG\QDPLFGUDJRYHU WKDWRI
WKH6KRHER[·VRULJLQDOFRQÀJXUDWLRQ$VDPHDVXUH












































DWWULEXWHG WKLV WR WKH XQGHUERG\SURWXEHUDQFHV WKDW
ZHUHQRWUHSURGXFHGRQWKHPRGHOV7KHLPSRUWDQFH
RIWKLVUHPDUNDOPRVWORVWLQWKHFRQFOXVLRQ·VPRXQG

































7KH ÀYH DIWHUPDUNHW GHYLFHV WKH 'HSDUWPHQW RI
7UDQVSRUWDWLRQFRQWUDFWHGZLWK WKH)OLJKW5HVHDUFK














































VWXG\)LW]*HUDOG1RVH&RQHKDG LWV RULJLQV LQ WKH
VZKHQLWVIRXQGHU-RVHSK)LW]*HUDOGZRUNHG
IRU&DUULHU7UDQVL&ROG D VXSSOLHU RI UHIULJHUDWLRQ
XQLWVIRUWUXFNWUDLOHUV,Q)LW]*HUDOGVXJJHVWHG
PRYLQJ WKH HYDSRUDWRU XQLW IURPZLWKLQ WKH WUDLOHU
 Word Spreads
1$6$HQJLQHHU/DZUHQFH´/DUU\µ&0RQWR\D
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ZLWK WKH WHVW YHKLFOH WKH WHDPÀOOHG WKH WLUHVZLWK
QLWURJHQ LQVWHDGRIDLUPLQLPL]LQJYDULDWLRQ LQ WKH
WLUHV·LQÁDWLRQEHFDXVHRIKHDW$VZLWKWKH6KRHER[
WHVWVRQFHGHWHUPLQHGWKH\NHSWPHFKDQLFDOGUDJD
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VKDUHGYLUWXDOO\ WKH VDPHDHURG\QDPLF DQG WUDFWLYH
GUDJ WKH FRDVWGRZQPHWKRG DQG D PLOH URDG
































































































RQPRGHOV DQGZLQG WXQQHOV LQYROYH D FHUWDLQ OHDS
RI IDLWK7KHUH LV HYHQ QRZ DQ DELGLQJ QRWLRQ WKDW
FRPSXWDWLRQDOÁXLGG\QDPLFV&)'LVWKHSUHIHUUHG
PHWKRGZKHQWU\LQJWRDQWLFLSDWHH[SHULPHQWDODHUR
G\QDPLF UHVXOWV%XW DV6DOW]PDQQRWHG ´DQ\ERG\
ZKR·VZRUNHGRQ IXOOVFDOHYHKLFOHV³ZKHWKHU WKH\


















LQFUHDVHG IURP WR PLOOLRQ*LYHQ WKH












H[SHQGLWXUHV IHOO XQGHU KHDGTXDUWHUV VFUXWLQ\ DIWHU
-DPHV:HEE·VVXFFHVVRU7KRPDV23DLQHUHVLJQHG
LQ6HSWHPEHU  >-DPHV@)OHWFKHU DFFHSWHG FRVW
FXWWLQJDVDQHFHVVDU\PHDVXUHµ
7KH;·VYLVLELOLW\WRWKHSXEOLFDQGWKHIDFWWKDW
LW FRQVXPHG DQ H[FHSWLRQDO DPRXQW RI WKH FHQWHU·V





UHRUJDQL]LQJ WKH DJHQF\·V DHURQDXWLF FHQWHUV DORQJ







$QG VR DOWKRXJK WKH)5&FRQWLQXHG WR KRVW WKH
OLIWLQJERGLHVIRUDZKLOHORQJHUWKHHUDRIKLJKO\YLV
LEOH KLJKSHUIRUPDQFH H[SHULPHQWDOÁ\LQJ VHHPHG




$SROOR SURJUDPHQJLQHHUV IRUFHG WR ORRN IRUZRUN





6DOW]PDQ0RQWR\D DQG 6WHHUV KRZHYHUZHUH
























7KH %DW 7UXFN UHÁHFWHG ERWK H[LVWLQJ GHVLJQV DQG
RULJLQDO WKLQNLQJ E\ 'U\GHQ HQJLQHHUV 7KH FXUYH
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)ROORZLQJH[SHULPHQWVDLPHGDWLPSURYLQJDWUXFN·V




LQJ WKHSRWHQWLDO IRU UHGXFLQJ WKH IXHOFRQVXPSWLRQ
RI JURXQG YHKLFOHVµ&DSLWDOL]LQJ RQZKDW WKH\·G
REVHUYHGZLWK WKH DIWHUPDUNHW SURGXFWV DVZHOO DV
RQORJLFDQGH[SHULHQFHWKH)5&HQJLQHHUVGHVLJQHG

































LQFOLQHG WR D IDVWHU UHVHDUFKSDFH1RW VXUSULVLQJO\
WKHQWKHÀUVWLQKRXVHWHVWYHKLFOHPDQLIHVWHGZKDW
VHHPHG WR EH WKH EHVW WUDLWV RI WKHPRVW VXFFHVVIXO
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7KLVSLFWXUHRID.HQZRUWK7WKHÀUVWSURGXFWLRQWUDFWRUZLWKDHURG\QDPLFIDLULQJVRIUHDOFRQVHTXHQFH
UHYHDOVDIDLULQJDUUDQJHPHQWHFKRLQJWKDWRIWKH%DW7UXFN




ER[ URRI 7KH\ WULHG WKUHH FRQÀJXUDWLRQV RI WKH ÁRZ
YDQH7XIWLQJLVDJRRGLQGLFDWRURIWKHGHYLFH·VEHQHÀW
1$6$     (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FKRRVLQJQRWWRWKLQNLQWHUPVRIVPDOODIWHUPDUNHW
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WKH\ VHQW DORQJ DQ DOPRVW LGHQWLFDO EXW XQPRGLÀHG
WUDFWRUWUDLOHUXQLWIRUFRPSDULVRQDQGGULYHUVRIERWK



































RI DWWDFKLQJ VHFWLRQV RI WKH À[WXUH WRPDNH WKH VWUXFWXUH DFFHVVLEOH DQG UHPRYDEOH1RWH WKDW WKH UDGLDWRU
GRRULVFORVHGLQWKHÀUVWLPDJHOHIWDQGDVNXQNKDVEHHQFR\O\DIÀ[HGWRWKHWUXFN·VWRSULJKWKRPDJHWR
/RFNKHHG·VZHOONQRZQVHFUHWUHVHDUFKXQLWWKH6NXQN:RUNV
1$6$          ((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FRQVLGHUHGGHVLUDEOH IRU DHURG\QDPLFLVWV VLQFH WKLV
PHDQVWKHÁRZLVVPRRWKDQGLVQRWJHQHUDWLQJGUDJ
SURGXFLQJYRUWLFHV.QRZLQJDWKLQJRUWZRDERXWWKH

































7KH )5& UHVHDUFK UHVXOWVZHUH H[WHQGHGZKHQ
UHVHDUFKHUV DW WKH8QLYHUVLW\ RI.DQVDV FRQGXFWHG
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DQGDIDLUO\DFFXUDWHVFDOHSODVWLFPRGHORIWKH














WKH WUDFWRUWUDLOHU XQLWV LQ D FRQWUROOHG HQYLURQPHQW
DQGGHULYDWLYHPRGHOLQJ7KH\VWDUWHGE\HVWDEOLVKLQJ



























RQ UDFHFDUV RI WKH HUD DQG HYHQ WKHQ VXFKD YDODQFHGLG QRW DOZD\V VSDQ WKHZLGWK RI WKH FDU$ VLPLODU
DUUDQJHPHQWDSSHDUVRQWKHWUXFNXVHGLQWKH'R7WHVWVULJKW
1$6$          ((&

7KH1$6$ IXHOFRQVXPSWLRQ WHVW URXWH GULYHQZLWK
WKHSDLURIWUDFWRUWUDLOHUV7KHURXWHZDVSULPDULO\





































YDQ5HÁHFWLQJ WKH SUHVVLQJ LVVXH RI WKH GD\³WKH

















DFURVV WKHZLQGVKLHOGRI WKH WUDFWRU RU WKH






















&DUDQG'ULYHU·V UHVXOWV GLGQ·WPDWFK WKHZRUNE\
WKH1$6$UHVHDUFKHUVEXWWKHEHQHÀWRI´DVPRRWK






7KHPRGLÀFDWLRQ WKDW DFKLHYHG WKH EHVW UHVXOWV
ZDV GLVFRYHUHG WKURXJK RQH RI WKHLU RZQ H[SHUL
PHQWV7KH\UHPRYHGWKHYDQ·VWZRRXWVLGHPLUURUV
DQG IRXQG WKDW GRLQJ VR \LHOGHG D  SHUFHQW GURS








































WKH VDPHZD\DV LW KDGEHHQGXULQJ WKH)5& WHVWV

















,QWHUHVWHG LQZKDW FRXOG EH GRQHZLWK D VPDOOHU
YHKLFOH$HUR9LURQPHQWDWWDFKHGD´ OLSµWRRQHVLQJOH












:LWK WKH URDG WHVWLQJ GRQH$HUR9LURQPHQW WKHQ
FRQGXFWHGZLQGWXQQHOWHVWVDWWKH&DOLIRUQLD,QVWLWXWH
RI7HFKQRORJ\ &DO7HFK WR YDOLGDWH WKHPRGHOLQJ
ZRUNHGXSRQWKHURDG7KH\SXWLQWRWKHZLQGWXQQHO














































WKH SUREOHPV DIÁLFWLQJ WKH WUXFN DQG WUDLOHU DVVHP

























1RW VXUSULVLQJO\ SRSXODU LQWHUHVW LQ LPSURYLQJ
WKH HIÀFLHQF\RI ORQJKDXO YHKLFOHV VSDZQHGRWKHU
DWWHPSWV VLPLODU WR WKRVHZULWWHQDERXWE\&DUDQG
'ULYHUPDJD]LQHVRPHDPDWHXULVKVRPHJURXQGHG
LQ H[SHULPHQWV(YHQ EHIRUH1$6$HQJLQHHUV KDG
ÀQLVKHGPRGLI\LQJWKHLUWUDFWRUWUDLOHUXQLWWKHUHZHUH
QHZDIWHUPDUNHWSURGXFWVJDUQHULQJDWWHQWLRQ6RPH


































WKDW LWV FROODSVLEOH QDWXUHPHDQW LWZRUNHGZHOO LQ
FURVVZLQGV$HURVSDQ&RUSRUDWLRQ FDOFXODWHG WKDW
WKHLUGHYLFHZRXOGDSSHDOWRDOOWKRVHGULYHUVZKRVH







SURGXFW ,Q2FWREHU WKHPDJD]LQH UDQ D VWRU\
DERXWDGGRQGHYLFHVIRUWUXFNVWLWOHG´ 2YHUGULYH)RLOV
$HURG\QDPLF:LQG'HÁHFWRUµ
,Q WKDW VSLULW WKHPDJD]LQHDVNHG IRU D VDPSOHRI
&DPSHU)ORZ:LQGEUHDNHU·V DLU GDP EHIRUH WKH
PDJD]LQHZRXOG DFFHSW LWV DGYHUWLVHPHQW DQG WKHQ
WHVWHG WZR RI WKH FRPSDQ\·V FDEPRXQWHG VKLHOGV






































































$W D JDOORQ WKH FRPSDQ\ H[SHFWHG D GULYHU
ZRXOGVDYHDVPXFKDVDQQXDOO\LIKHGURYH
PLOHVSHU\HDU³PRUHWKDQHQRXJKWRSD\IRU




















GHYHORSPHQWVZDV JUDGXDO ,Q SDUW WKLV LV EHFDXVH
UHWRROLQJDSURGXFWLRQOLQHDVZHOODVFRPSOHWLQJWKH
HQJLQHHULQJZRUNIRUDQHZYHKLFOHWDNHVFRQVLGHUDEOH



















.HQZRUWK·V7ZDV LQGHHG D UDGLFDOORRNLQJ






2WKHUV WRR IRXQG WKH QHZGHVLJQ·V IXHO HIÀFLHQF\
FRPSHOOLQJHQRXJK WKDWE\ WKHHQGRI LWVÀUVW\HDU
RQ WKHPDUNHW WKH7 FRQVWLWXWHG  SHUFHQW RI
.HQZRUWKWUXFNVDOHV7KHQXPEHULVQRWVXUSULVLQJ
FRQVLGHULQJWKHGHVLJQRIIHUHGWKHFKDQFHWRUHGXFH
DQ RSHUDWRU·V ODUJHVW DQQXDO H[SHQVH³IXHO³E\




































































































 ´%RYLQH UHVSLUDWRU\ GLVHDVH %5' WKH SURSHU















































































UHVHDUFKHUV IURPERWK VFKRROV UHDFKHGFRQFOXVLRQV
VRPHRIZKLFKSURYHGFRXQWHULQWXLWLYH´7KH LQWHQW
ZLWKHDFKVFKRROZDVWRXVHWKHJHQHUDOVKDSHRIWKH
)5&·V ORZGUDJ WUDFWRUDVPHDQVRIFRQWUROOLQJ WKH
QDWXUH RI WKH DLUÁRZ LQWR DQGRXW RI WKH OLYHVWRFN














IRU WKH DLU DURXQG WKH WUDLOHUZDV FKDRWLF$LU WKDW
DGKHUHV WR WKH WUDLOHU·VVXUIDFHSURGXFHV ORZHUGUDJ
DQGFDQEHGLUHFWHGDQGFKDQQHOHG7KLVDLUFDQEH
IRUFHGLQWRWKHWUDLOHULQDSODQQHGIDVKLRQEHQHÀWLQJ
WKH FDWWOH7KHLU UHVHDUFK VKRZHG WKDW WKH\ FRXOG
LQFUHDVHWKHHIÀFLHQF\RIWKHWUDFWRUWUDLOHUDHURG\QDP


























HQWLUHO\ VHDOHG7KH UHVXOW ORRNHG OLNH QR OLYHVWRFN
KDXOHULQH[LVWHQFH³FDELQFOXGHG,Q6DOW]PDQ




13 This may well be the !rst time that the tractor and trailer were conceived as integral objects strictly for aerodynamic purposes. Prior to 
this, the work of Dryden engineers had been focused exclusively on the tractor; truck manufactures were no different. Earlier efforts to 
meld tractor and trailer into seamless units were made for aesthetic rather than genuine aerodynamic purposes, since the trucks did not 
move fast enough to bene!t from the modi!ed shapes.
14 “Low-drag ground vehicle particularly suited for use in safely transporting livestock.” United States Patent 4,343,506 to Edwin J. 










FRPPHUFLDO YHKLFOHV WUDYHOLQJ RQ IHGHUDO URDGV LQ








RI D QDWLRQDO KLJKZD\QHWZRUN UXQQLQJ WKURXJKRXW
WKH8QLWHG6WDWHV2VWHQVLEO\DSURMHFWPRWLYDWHGE\
PLOLWDU\ QHHGV WRPRYH HTXLSPHQW DQG SHUVRQQHO





























































































3HUKDSVPRUH WKDQ DQ\WKLQJ HOVH WKLV FKDQJH LQ
































WHQGHG LQFOXGLQJ6DOW]PDQ FDPH DZD\ VRPHZKDW
SHUSOH[HGDWWKHLQGXVWU\·VH[SHFWDWLRQVIRUWKHVWDWHG
JRDOVRIWKHWUXFNLQJLQGXVWU\VHHPHGLQFRQÁLFWZLWK
LWV DFWLRQV LI QRW DOVRZLWK H[LVWLQJ UHVHDUFK ´:H








































IRFXVHGRQRWKHU WKLQJV LQ WKH\HDUVVLQFH WKHHDUO\
7KHVHWZRWDEOHVHQXPHUDWHEDVHOLQHDQGDOOPRGLÀFDWLRQVWRWKH6KRHER[YDQDVZHOODVWKHUHVXOWV















:KLOH WKLQNLQJ DJDLQ DERXW WKH LVVXHRI IRUH DQG
EDVHGUDJ6DOW]PDQKDGDQHSLSKDQ\:KDWKHUHDO




PHQWV WR WKH WUXFN·V IRUHERG\ZRXOGJHQHUDWHPRUH
GUDJQRWOHVV/RRNLQJDWWKHJUDSKVRIHDUOLHU6KRHER[
UHVHDUFKPRUH FDUHIXOO\ 6DOW]PDQQRWLFHG WKDW WKLV






























EOXQWEDVHG FODVV RI YHKLFOHVµ DQG IRXQGSUHFLVHO\
ZKDW6DOW]PDQKDGHDUOLHUUHDOL]HGH[LVWHG7KHUHZDV









































IRU H[DPSOH LV UDUHO\PHWZLWK RSHQ DUPV VLQFH LW





































:KHQ1$6$GULYHUV WRRN WKH)5&·V KLJKO\ IDLUHG

































































WUXFN DQG WUDLOHU·V SDVVDJH WKURXJK WKH DLU$









ZDQWHG DHURG\QDPLF LPSURYHPHQWV KDG QR FKRLFH



















E\6DOW]PDQ·V WHDP VHDOLQJPXFKRI WKH XQGHUVLGH
RIWKHWUDFWRUWRVPRRWKDLUÁRZEHQHDWKWKHYHKLFOH
2U FRQVLGHU D VWXG\ FRQGXFWHG E\ WKH0DFN7UXFN
&RPSDQ\QRZDVXEVLGLDU\RI$%9ROYR)ROORZLQJ
WZR \HDUV RI UHVHDUFK EHWZHHQ  DQG  WKH
RUJDQL]DWLRQIRXQGWKDW´VLJQLÀFDQWIXHOVDYLQJVFDQ
EHDFKLHYHGE\HQFORVLQJWKHJDSEHWZHHQWKHWUDFWRU


















































































UHVLVWDQW WR D SRLQW VLQFH WKH WUDLOHUV DUH UHJXODUO\






























LGHD IRU DHURG\QDPLF LPSURYHPHQWV WKURXJK DFWLYH
ERXQGDU\OD\HUFRQWURO7KHSODQGXEEHGFLUFXODWLRQ
FRQWURO LQYROYHG EORZLQJ DLU RYHU VXUIDFHV RI WKH
WUDLOHUSDUWLFXODUO\WKHWUDLOHU·VWRSHGJH$FFRUGLQJ
WR UHVHDUFKHUV WKLV VPRRWKHG DLUÁRZ UHGXFHG LWV
WXUEXOHQFHDQGOHGWRDVPXFKDVDSHUFHQWGURSLQ
WKHZHLJKWRIWKHWUDLOHUE\JHQHUDWLQJOLIWLPSURYLQJ
YHKLFOH HIÀFLHQF\ ,Q WKDW VDPH VSLULW WKH VSOLWWHU
SODWHZLWKZKLFK )5& HQJLQHHUV H[SHULPHQWHG RQ

























WKH SURJUDP LV FRPSOHWH7KH DHURG\QDPLF FKDQJH












1$6$          ((
)UHLJKW:LQJ,QFRIIHUVVHYHUDODIWHUPDUNHWSURG





$ FORVHU YLHZRI D WUDLOHU VLGH VNLUW)UHLJKW:LQJ
,QF ZKLFK PDQXIDFWXUHG WKLV VLGH VNLUW RIIHUV D









































)RU OLYHVWRFNKDXOHUV WKH LQYHVWPHQW LQ WKH UHGH
VLJQRIWUDLOHUVUHQGHUVPDQXIDFWXUHUVGLVLQFOLQHGWR
UHYDPSWKHLUV\VWHPV2QHIDFWRULQWKLVLVWKDWVLQFH
GHUHJXODWLRQ RI WKH OLYHVWRFN KDXOLQJ LQGXVWU\ LQ
 LQGLYLGXDO IDUPHUVUDQFKHUVKDYHEHFRPH WKH















VR ORQJDV WUXFNVGRQ·W LQFRUSRUDWH WKHGHVLJQV WKDW
PXVWJRKDQGLQKDQGZLWKWKRVHFKDQJHVVSHFLÀFDOO\



























65([SHULPHQW GUDJ VWXGLHV WKH\·G FRQGXFWHG


















1$6$    (&
 Results
SURSRVHG D QHZ UHVHDUFKSURMHFW WR IXUWKHU H[SORUH
ZKDW0RHVDQG:KLWPRUHZHUHORRNLQJDWDQGZKDW
6DOW]PDQ KDG ÀUVW UHPDUNHG RQ DIWHU WKH 3KRHQL[
PHHWLQJ7KHSODQZDVWRRQFHDJDLQXVHDJURXQG
















WKH5RDGUXQQHUZDV DOWHUHG RQ WKH LQVLGH DVZHOO
6KRS WHFKQLFLDQV FXW DSDUW WKH YHKLFOH·V IUDPH DQG
IDEULFDWHGDGGLWLRQDO IUDPLQJ WKDWDOORZHG WKHFUHZ
WR RSHQ WKH YHKLFOH DQG DGG D VHJPHQW WKDWZRXOG








1$6$           (&

UHYHODWLRQ UHJDUGLQJÀQLWH UHWXUQV RQ DHURG\QDPLF
PRGLÀFDWLRQVIRUEOXQWYHKLFOHV&RUH\'LHEOHUDQG
0DUN6PLWK XQGHUWRRN WHVWV XVLQJ WKH5RDGUXQQHU
7KH\VHWRXWWRHYDOXDWH+RHUQHU·VRULJLQDOWZRDQG
WKUHHGLPHQVLRQDO HTXDWLRQV IRU EDVH GUDJ SUHGLF
WLRQVVWDUWLQJZLWK WKHK\SRWKHVLV WKDW´DQHZEDVH
GUDJSUHGLFWLRQPRGHO >ZDV@QHHGHG IRU ODUJHVFDOH

























































































FRVWVFRQWLQXH WRFOLPE WKHUH UHPDLQV WKHTXHVWLRQ
RIZKHWKHU ORQJKDXO WUXFNV ODFNLQJ DHURG\QDPLF
LPSURYHPHQWVZLOOFRQWLQXHWRSO\WKHQDWLRQ·VURDGV
7KHVDPHTXHVWLRQFDQEHDVNHGRIWKHPRWRUKRPH
LQGXVWU\ZKLFK VHHPVRQ WKH VXUIDFH WR EH ODUJHO\
LPPXQH WR FRQFHUQV DERXW YHKLFOH DHURG\QDPLFV
&RQFHVVLRQVWRLGHDOVKDSHVRYHUIXQFWLRQDOLW\DSSHDU







































































 The Social Construction of a Technology

























































FHQWXU\ KLVWRULDQ -RKQ.DVVRQ QRWHG WKDW ´$PHUL


















ULHGZLWK LWXQPDQO\RYHUWRQHVDV UHIHUHQFHV WR WKH
































D FHQWXULHVROG DPELYDOHQFH ERUGHULQJ RQ RXWULJKW









































HYHQ WRGD\ VSRUWV ÀJXUHV DUH IDUPRUH SURPLQHQW
DV LFRQV WKDQ URFNHW HQJLQHHUV RU SXEOLF VHUYDQWV
,QGHHGFROOHJHGURSRXWVZKRWKHQVXFFHHGLQEXVL
QHVV WKRXJK LQÀQLWHVLPDOO\ VPDOO LQ QXPEHUZKHQ
FRPSDUHGZLWKWKHQXPEHURILQGLYLGXDOVDWZRUNLQ
































FDUHHUV"7KLV LV QRW DQ DEVWUDFW TXHVWLRQ HLWKHU IRU
HQJLQHHULQJLQJHQHUDORUIRU1$6$LQSDUWLFXODUWKH
HQJLQHHULQJSURIHVVLRQKDVEHHQDQGFRQWLQXHVWREH

















































































































































































































































































































































 -DQXDU\  %ORRG
 )HEUXDU\  6DYLOO
 $SULO  :HOOVHWDO
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